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In the field of powder metallurgy, it is well 
known to form articles by feeding a metered 
amount of metal powder into a die cavity and 
applying high pressure to initially consolidate, 
and then the formed piece is fired or sintered 
in a controlled atmosphere at temperatures re 
quired to obtain a desired density. 
The advantages and possibilities inherent in 

use of powder metallurgy are well recognized 
Corinnercially, but, at present, there are serious 
limitations in the available practices. For ex 
ample, in view of the fact that the piece is 
formed in a die by pressure, the size and shape 
of the articles that can be prepared is restricted. 
Thus, the sizes must be relatively small and the 
shapes not too complicated. In addition, the 
preSSure cannot be applied equally in all di 
rections due to die design limitations with the 
result that density differences are encountered 
in the article, which lead to distortion or lack 
of dimensional uniformity. Compensation for 
the differences in density of Small articles is 
possible through die design, but such compen 
Sation becomes increasingly difficult as the size 
of the piece or the thickness thereof increases. 
Wires, long rods, I, U, X, and Y beams, tubes, 

slotted tubes, honeycomb tubes, bars, and the 
like, for instance, cannot be made in any great 
length from powdered metals in a single form 
ing operation by the techniques now available in 
powder metallurgy. When such products are 
desired, Secondary or complicated forming pro 
cedures are required. For this reason, metals 
which can be formed only by powder metallurgy 
are not available commercially in the form of 
tubes or articles of great length unless working 
is possible after the sintering fire. Metals which 
are hot-Short or brittle and cannot be worked 
for these reasons eliminate the possibility of 
forming wires and tubes of undetermined length 
entirely. Such materials are chromium, the 
high chromium alloys, beryllium and the like. 
This inherent property of chromium for example 
has limited the amount of chromium which may 
be present in the high resistance conductors 
used when electricity is employed as the source 
of heat. In the jet aircraft industry, alloys con 
taining high percentages of chromium would be 
useful for turbine buckets and tail pipes if Suit 
able methods of forming were available. In the 
case of both chromium and beryllium and metals 
like titanium, zircon, boron, silicon, germanium 
and the like, the inherent difficulties in working 
these metals and their alloys which contain on 
the order of 50% or more has prevented com 
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mercial utilization to the extent possible with 
other metals or alloys. For example, germanium 
is a highly useful material in rectifier applica 
tion. Its brittleness is so great, however, that 
wires are not available due to the inability for 
working and drawing. 
In accordance with the present invention, 

however, powders of metal character may be 
brought into desired shape without the limita 
tions which have heretofore prevailed in powder 
metallurgy. Thus, articles may be prepared in 
forms not previously possible by powder metal 
lurgy. 

It is then, an object of the invention to pro 
vide a method of preparing from metal powders 
articles of any desired length having a uniform 
density throughout and characterized by a cross 
section of constant form or shape. 
A further object of the invention is to provide 

a method of preparing from metal powders, 
articles having a uniform density throughout 
and characterized by an un-uniform cross-sec 
tion and shapes of varying dimensions. 
A still further object is to provide a novel 

plastic maSS and its method of preparation, from 
which the novel articles of the present invention 
may be produced. 
A still further object is to provide a novel plas 

tic mass and its method of preparation, said 
plastic mass being so constituted that similar 
reactions develop in the sintering process which 
add cementation and sintering. 
Other objects, including the provision of a 

group of compositions from which the metal 
articles described herein may be prepared, will 
be apparent from a consideration of this speci 
fication. 
In accordance with the present invention, a 

plastic mass is formed from a metallic powder 
by use of a resin which is thermoplastic in na 
ture and an oily material Solid at room tem 
perature and liquid at temperatures of forma 
tion. This oily material is not a solvent or 
swelling agent for the resin. The oily material 
freezes rapidly to a solid when exposed to room 
temperature So that the extrusion must take 
place some place above 100° C. 
The plastic mass may be prepared from any 

metal, combination of metals, alloys or combina 
tion of alloys which can be made available in 
powdered form, by use of a combination of a 
heat-fugitive material, which may be a thermo 
plastic resin and a wax, or a combination of 
more than one thermoplastic resin or wax, or 
a combination of two or more thermoplastic 
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resins, or other thermoplastic material as de 
scribed. These are present in amounts sufficient 
to provide a ratio of relative volume between 
metal powder and resin of at least 65 to 35 and 
preferably up to 50 to 50. The said mass is 
heated to a temperature sufficient to melt the wax 
ingredient, but below the temperature of which 
any distillation or destruction of the wax takes 
place, and the plastic mass is then extruded 
either through a die corresponding in cross sec 
tion to the cross section desired in the article 
or to a mold corresponding to the shape desired. 
The formed article is then sintered under con 
ditions of temperature and atmosphere imposed 
by the nature of the material. It is a feature 
of this invention that the materials will dis till completely without residue or deposits of 
carbon in the subsequent sintering operation. 
It is a further feature of this invention that 
certain of these resinoid materials which are ef 
fective are of aid in providing cementation in 
the sintering operation. It is a further feature 
of this invention that the prime base resin used 
as a permanently green strength binder is in 
soluble and non-swelling in the wax or com 
parable additive, even though the temperature 
of the system is such that the wax is a liquid. 
By the present invention, it is possible to ex 

trude or injection-mold articles from metallic 
powders whose green densities are comparable 
to the density obtained by pressure methods. 
Further by the present invention, it is possible 
to produce in a single forming operation metal 
articles of any length with assurance that the 
cross section of the article will be constant and 
uniform throughout the length and that the ar 
ticle will be of uniform density throughout. 
Many of the products which can be made by 
the process are articles which have not pre 
viously been produced because they are of a 
shape or form that cannot be obtained by the 
powder metallurgical procedure now available. 
In addition, wires with perfectly round Section 
and having a diameter from a few thousandths 
of an inch up to Several inches in thickness 
can be readily formed without the necessity of 
repeated drawing or other operations. If de 
sired, the wires can be wound in coils or repeat 
ing hairpin shapes as part of the forming Op 
eration. Furthermore, articles Such as tubes, 
rods, I, U, X, and Y beams, slotted tubes, tubes 
with serrated outlines, honeycomb tubes, long 
gear shapes, and the like can easily be prepared. 
Moreover, by extruding the plastic matter into 
molds, a wide variety of shapes may be pre 
pared. As an example, my novel procedures 
may be advantageously applied to the prepara 
tion of buckets and Supercharger parts for use 
in jet aircraft. Herein the terms 'extrusion' 
and “extruding' are used to refer both to ex 
trusion through a die corresponding to the croSS 
section desired as well as to extrusion into a 
mold corresponding to the desired shape. When 
relatively small articles or pieces are desired, 
these may be readily obtained merely by CrOSS 
cutting a longer piece. Furthermore, in view of 
the inherent nature of the process, articles of 
relatively large mass of bulk can be produced 
with greatly reduced die costs and a greatly in 
creased rate of production as compared to con 
ventional procedures. 

Moreover, because of the nature of the nate 
rials, and the resins used, these are eliminated 
completely as such from the product before or 
during the sintering step and the end product, 

5 

25 

30 

..) 

55 

80 

65 

70 

75 

4. 
therefore, does not contain any contaminant 
provided by the resin. In other Words, these 
resinoid materials distill or are dissipated com 
pletely from the System without leaving residue 
or depositing carbon. The products of the in 
vention are extruded articles consisting essen 
tially of material in which the metallic crystals 
are non-distorted or non-elongated in contrast 
to the type of articles which are formed by 
working. 
The metal powder employed with the resin 

systems in the preparation of the plastic mass 
may be prepared from any metal which is sta 
ble in the atmosphere and is reducible to pow 
dered form. Metal alloys, as Well as relatively 
pure metals, may be employed and obviously 
both a metal and an alloy or a plurality of metals 
or of alloys or a plurality of metals and alloys 
may be used. The choice of the metallic powder 
will, of course, depend on the nature of the prod 
uct to be produced and the properties desired 
therein. Examples of materials of metal char 
acter that are applicable for use are: iron, co 
balt, nickel, chromium, titanium, zirconium, 
manganese, copper, aluminum, lead, Silicon, no 
lybdenum, tungsten, zinc, tin, beryllium, and 
magnesium and alloys containing two or more 
thereof, for instance, braSS, bronze, nonel metal, 
stainless Steel, and the like. The metals or al 
loys may contain the usual small percentage 
of non-metallic impurities or additives and at 
times it may be desirable to add to the metal 
lic powder, powdered inorganic, non-metallic 
material in Small amounts, to impart special 
properties to the metal product. Even in such 
cases, the final product will consist essentially 
of metal. 
Cases where additives are deliberately used are 

in the fields of tungsten or molybdenun, where 
a small amount of certain oxides are incorporated 
in a mass to prevent Subsequent growth when 
tungsten is used as a lamp filament. En the case 
of certain alloy compositions, titanium hydride 
may be a common addition to aid in developing 
a sound material. 
The particle size of the metal powder may vary 

Over a Wide range, and particle sizes ranging 
between 80 mesh and a fineness of Several hun 
dred mesh can be handled readily in the process. 
Particles consisting of 300 mesh plus the fines 
normally present as the result of the milling are 
most easily handled and hence this range of par 
ticle size is generally preferred. In some cases, 
however, where low shrinkage in firing is desired, 
a mixture of coarse and fine particles is used-for 
example, 50 to 70 parts of minus 80 mesh plus 50 
to 30 parts of minus 300 mesh powder. As is usual 
in powder metallurgy, variously sized metal pow 
derS may be used in combination to achieve spe 
cial results. 
AS pointed out above, the powder inetallic ri?ia 

terial is converted into a plastic mass which is 
extrudable under pressure by use of heat-fugi 
tive materials which promote flowage. These 
materials are all organic in nature and it is nec 
essary that all of them be capable of dissipation 
completely through a rise in temperature. It is 
a further necessity- that any wax agent added 
not be a Solvent or a SWelling agent for the resins. 
A second class of resins which is important in the 
specification are those containing halogens. The 
peculiar advantages of these halogenated resins 
are that they distill without residue, but in dis 
tillation they decompose so that one of the prod 
lucts of decomposition is a pure hydrogen halide. 
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This hydrogen halide is effective in improving 
cementation of the metal during sintering 
through improvement of diffusion processes by 
development of a metal containing vapor phase. 
Where added material of wax character is em 

ployed, this is a hydrocarbon wax which may or 
may not be of microcrystalline structure. Hy 
drocarbon waxes commonly are prepared from 
wax distillates in the petroleum industry, and in 
clude paraffins of crystalline character, also of 
amorphous nature. Through the whole range 
of these, the characteristic is that employed in 
the present connection they are fluent at molding 
temperatures and add slippage or flowage prop 
erty, and after the article is molded, the wax com 
ponent is distilled cleanly out in the sintering 
heating. It will of course be understood that it 
is not necessary in all cases to use wax addi 
tives, since the thermoplastic resins themselves 
act effectively. The base resins useful for my 
purpose in the first instance are of the class 
identified by the generic term polymerized-mono 
olefinic compounds and polymerized-mono 
ethylenically unsaturated compounds. Of par 
ticular importance in this group are resins Such 
as polybutene, polystyrene, polyacrylate, poly 
methacrylate, polyethylene, polypropylene, poly 
vinylbutyl ether. Two of the members listed 
above have universal application for the purposes 
of my invention and the remainder are somewhat 
restricted in application. The two most useful 
resins are polybutene and polyvinylbutyl ether 
for all purposes. The prime reason for the dis 
tinction is that both these latter materials de 
polymerize and distill without residue of any 
kind at a temperature low enough so that no car 
bonization of the material results, this distilla 
tion being equally effective in both oxidizing and 
reducing atmospheres. The remaining resinoid 
materials require somewhat higher temperatures 
for the development of the decomposition into 
gaseous constituents. With metals which form 
carbides at low temperatures, there is Some 
danger in these cases of the formation of a small 
amount of such carbides in the material using 
the restricted group. For this reason polybutene 
and polyvinylbutyl ether are the primary recom 
mended materials and the remainder are of Sec 
ondary importance with some metals. Included 
also with the foregoing are halogenated deriva 
tives. These may be substituted for or used in 
conjunction with the aforementioned synthetic 
resins. These materials also decompose Con 
pletely without residue, but have another prop erty of equal importance. They are halogenated 
derivatives and one of the products of decomposi 
tion is a dry hydrogen halide. The advantage of 
the presence of this small amount of HCl is that 
it aids in sintering and development of dense ma 
terial through acceleration of diffusion processes 
at the sintering temperature. Examples of these 
classes of resins are the following: chlorinated 
polyethylene, fluorinated polyethylene, chlor 
fluorinated polyethylene, the chlorinated di 
phenyls (these latter materials are commercially 
known as the “aroclors'). These chlorinated di 
phenyls are available in molecular weight such 
that the product varies from thin liquid to stiff 
resinoid solid. Derivatives are thermoplastic and 
the low molecular weight type act as lubricants. 
In effect, the first group of resins alone or com" 
binations of the first group plus the halogenated 
type constitute the base resins, used in these mix 
tures. The Waxes which are effective in my in 
vention are, as stated, the high molecular weight 
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6 
hydrocarbons. These high molecular weight hy 
drocarbons melt at elevated temperatures to oily 
liquids and are not solvents or swelling agents for 
the-listed resins. In some instances, one of the 
halogenated resins can be used as a lubricant also. 
Also effective in this regard are the liquid poly 
butenes, that is polybutenes having molecular 
weights less than 1000. The molecular weight of 
the polyolefinic synthetic resins may vary some 
What, but aside from the liquid usage just men 
tioned, they may range in general about 20,000 
to 200,000. 
In the practice of my invention, I find it de 

sirable to prepare the batch by one of two meth 
Ods. 

1. The resin wax system is dissolved completely 
in a Solvent. The proper amount of metal pow 
der is added and a thorough mix obtained. The 
Solvent is then eliminated by heating for a Sufi 
cient period at a temperature above the boiling 
point of said solvent. After all the solvent is 
eliminated, the batch is then ready for introduc 
tion into the die cavity. 

2. The Second procedure eliminates the use 
of Solvents entirely. The proper amount of metal . 
powder resin and wax is placed in a hot mixer 
and the batch is kneaded to a homogeneous con 
sistency at an elevated temperature. . 
Once the batch is prepared, it is worked for 

a substantial period of time in suitable equipment 
While the batch is in the plastic stage. It is then 
transferred to a slugging machine. A slug is 
formed of shape such that it will fit the barrel 
of the extrusion equipment. A vacuum de-airing 
process may be applied in the slugging operation 
if desired. ." 

Where solvents are employed, these, capable 
of dissolving the synthetic resin, are in general 
volatile aromatic hydrocarbons, xylene and homo 
logs, naphthas, etc. - 
In preparing Wire or other extended cylindri 

cal bodies in coiled or similar forms, the Wire 
is coiled directly from the extruder since harden 
ing develops rapidly as the Wax Solidifies when 
the temperature is reduced. Using suitable Sup 
ports, any shape of uniform croSS Section can be 
maintained constant during the cooling opera 
tion. By extruding into molds, a wide variety of 
non-constant cross section shapes may be pre 
pared. After the plastic mass has been extruded, 
the shaped forms are dried and sintered under 
conditions of temperature and atmosphere dic 
tated by the nature of the material with one 
exception. During the period at which the 
resinoid and wax binders are distilling off, the 
temperature of the batch is maintained constant 
in the distillation range until all the Organic 
material has been eliminated. 
For proper operation of the die in the ex 

trusion or die molding, it is desirable that the 
temperature be maintained sufficiently high to 
take account of the nature of the additive mate 
rial. Thus, where hydrocarbon wax is present, 
the temperature should be adequately above the 
melting point thereof, and similarly with other 
additives. In general, it is desirable to maintain 
the temperature of the die at 120° to 200 C. - 
The temperature in the sintering furnace 

eliminates the fugitive material added to the 
metal powder, vaporizing it completely out. The 
sintering temperature in any given case will de 
pend somewhat on the particular metal being. 
sintered, and in general may be 20 F. to several 

s hundred degrees below the melting point. 
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Thus, in general, the metal powder mass is 
prepared by hot mixing or by evaporation from 
solution. The maximum ratio of metal powder 
volume to resinoid lubricant System volume is 
65 to 35 and ratioS less than this can be advan 
tageously used. It should be noted that when 
these ratios are transferred to weight ratios, de 
pending on the relative specific gravity, the rela 
tive proportion of metal resin system will vary 
between 90 parts of metal by Weight and 5 parts 
of resins by weight and 80 of metal by weight 
plus 20 parts of resin system by weight. When 
wax is added, it will consist of 5 to 35 per cent of 
the total resin system. The following examples 
are illustrative of the invention: 

1. The metal powder used has a particle size 
of 300 mesh plus the fines resulting from grind 
ing. The metal powder has a direct specific 
gravity between 7% and 9. Such metal powder 
may be iron, cobalt, nickel, copper, brass, bronze, 
stainless Steel, Inanganese, nickel-chroniuin al 
loys, iron-chronium alloys, high iron content al 
loys and the like. Folybuteine having a molecu 
lar weight of 60,000 is dissolved in xylene so that 
a 10% Solution results. A hydrocarbon wax is 
added to the polybuteine Solution. So that the 
Solution is equivalent to a 1% Solution with re 
Spect to the Wax. The raw batch is prepared by 
mixing 100 grams of the respective metal powders 
with 80 grams of the polybutene wax solution. 
After thorough mixing, the batch is evaporated 
to dryness at 160° C. for two hours, this being 
Sufficient to eliminate all xylene. It will be 
noted that the weight ratios resulting are ap 
proximately equivalent to 100 parts of material, 
about 8 parts of polybutene, and about 0.8 parts 
of Wax. The Xylene-free mass is kneaded in a 
hot mixer until Snooth and is then Slugged in a 
vacuum de-airing machine. The Slug is placed 
in the barrel of an extrusion press which is main 
tained at a temperature of about 160° C., that is, 
the extrusion orifice is kept, hot. The mass is 
formed using extrusion pressure of at least 10,000 
pounds per Square inch and preferably as high 
as 20,000 pounds per square inch. The result 
ing shapes are transferred to furnaces and sin 
tered under conditions of temperature and at 
mosphere dictated by the metal component of the 
shaped article, which requirements are well 
known in the powder metallurgy field. 

2. If a firing shrinkage of the order of one-half 
of the one obtained in Example 1 is desired, the 
particle size of the metal powder used is varied 
as follows: 60 parts by weight of 80 to 100 mesh 
metal powder are mixed with 40 parts by weight 
of 300 mesh powder. The procedure set forth 
in Example 1 is then followed. 

3. 100 grams of metal powder according to Ex 
ample i is placed in the receptacle of a hot 
kneading mixer along with 10 grams of poly 
butene having a molecular weight of 60,000 and i. 
gram of Wax. The material is kneaded into a 
homogeneous maSS at temperatuires of 160 to 
175° C. It is advantageous to use hot rolls sub 
sequent to the kneading operation to insure 
elimination of dry spots. 

4. Using the mixture of Example 2, the pro 
cedure according to Example 3 is followed. 

5. In this example, the Same methods and pro 
cedures described above in connection with Ex 
ample 1 are employed, but the powdered metals 
have different Specific gravities. For these rea 
Sons, to obtain optimum results, the amounts of 
resins and wax are modified as compared to those 
shown as follows: 
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- 10% Specific Metal Polybutene Wax Gravity 'S 

Zirconium-------------------------- 6.4 03 ... O 
Zinc-------------------------------- 7.4 92 0.9 
Chromium---- 6.9 96 1.0 
Molybdenum 10.2 64.5 0.7 
Tungsten.-- 19.3 34 0.4 
Titanium--- 4.5 146 1.5 
Aluminum- 2.7 244. 2.5 
Silicon--------- 2.0 330 3.3 
Beryllium-- 1.85 350 3.5 
Germanium--- 5.35 12 1.2 
Boron--------- 2.3 282 2.8 

6. The procedures in accordance With Ex 
amples 1 to 5 are followed except that polyvinyl 
butyl ether is substituted for the polybutene. 

7. The procedure according to Examples 1 to 
5 is followed except that the resinoid maSS per 
100 grams of materials consists of 10 grams of 
polybuttene and 2 grams of a chlorinated diphenyl 
liquid having a distillation range between 365 
and 390° C. No Wax is used. This chlorinated 
diphenyl is a light yellow viscous liquid and the 
commercial product 'Arocloir 1254' may be used. 

8. The procedures according to Examples 1 to 
5 are followed except that the resinoid maSS per 
100 grams of powder consists of 4 grams of poly 
butene, 4 grams of a chlorinated diphenyl having 
a Softening point at 35 to 60° C. and 2 grams of 
a chlorinated diphenyl which is liquid at room 
temperature. As the Solid chlorinated diphenyl, 
the commercial product “Aroclor 1268' and the 
liquid chlorinated diphenyl by the trade name 
"Aroclor 1254' may be used. No Wax is used in 
this example. 

9. The procedures in accordance with Ex 
ample 2 are used except that the resinoid mix 
consists of 5 grams of polybutene, 3 grams of 
chlorinated polyethylene and 2 grams of wax 
per 100 grams of metal. 

10. The procedures in accordance with Ex 
ample 2 are used except that 5 grams of poly 
butene plus 3 grams of fluorinated-chlorinated 
polyethylene and 2 grams of wax are used per 
100 grams of metal. 

1. The procedures in accordance with Ex 
ample 1 are used except that 12 grams of a chlo 
rinated diphenyl having a molecular weight such 
that its softening point is 135 to 160° C. are used. 
No wax or polybutene is necessary here. This 
chlorinated diphenyl may be the trade product 
“Aroclor 268.' ' 

12. The procedure in accordance with Ex 
ample 2 is used except that 12 grams of chlori 
nated polyethylene is used as the resinoid. 

13. The procedures in accordance with Ex 
ample 1 is used except that 12 grams of the fusi 
ble chlorinated diphenyl as in Example 11 is dis 
solved in 70 cc. xylene. No polybutene or wax 
is required. 

14. Polybutene having a molecular weight of 
60,000 is dissolved in xylene so that a 10% so 
lution results. A hydrocarbon mineral Wax hav 
ing a melting point of 120° C. is added to the 
polybutene Solution. So that the solution is equiv 
alent to a 1% Solution with respect to the Wax. 
Said mineral waxes are trade-designated as “Mi 
crocrystalline.' The various metal powders can 
be had in finenesses equivalent to 300 mesh plus 
the fines developed by grinding. Powders such as 
tungsten, molybdenum, and germanium are ob 
tained in the proper fineness directly, by hydro 
gen reduction of the oxides. 
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g E. SE W SE: olybutene Wax per empera 
Metal SE Solution per 100gms. ture 30 

iOO grams of metal minto 1. 
metal hour 

Aliott F. 
Zirconium----- 6.4 103 ... O 2,800 
2nc----------- 7.14 92 0.9 820 
Chromium-- 6.9 96 1.0 2,900 
Molybdenum-------- 0.2 64.5 0.7 4,000 
Tungsten------------ 19.3 34.0 0.4 5,000 
Titanium---- 4.5 146.0 1.5 2,800 
Aluminum 2.7 244.0 2.5 1,200 
Silicon.---- 2.0 330, 0 3.3 2,500 
Beryllium 1.85 350.0 3.5 2,320 
Germanium- - 5,35 2.0 1.2 1,700 
Boron--------- 2.3 282.0 2.8 3,600 
Iron---- 7.86 840 0.8 2,600 
Cobalt. 8.9 740 0.7 2,600 
Nickel- 8.9 740 0.7 2,550 
Copper- - 8.92 75.0 0.8 1,950 
18-8 stainless steel--- 8.1 82.0 0.8 2,550 
80Ni-20Cr----------- 8.2 82.0 0.8 2,400 

Sintering 
Tempera 
ture 6 to 8 

hours 

About F. - 
2,400 

750 
2,850 
3,500 
4,000 
2,400 
1,100 
2,350 
2,250 
1,600 
3,000 
2,400 
2,400 
2,300 
1,850 
2,400 
2,300 

100 grams of each of the metal powders are 
mixed with the amount of polybutene solution 
and wax indicated in the foregoing table, and 
after thorough mixing the xylene is eliminated 
by heating at 160° C. for two hours. The xylene 
free mass is kneaded in a hot mixer until smooth 
and then slugged in a vacuum de-airing. ma 
chine. The slug is placed in the barrel of a 
hot extrusion press which is maintained at a 
temperature of 160° C. The mass is formed us 
ing an extrusion pressure of 20,000 pounds per 
Square inch. 
The resulting shapes are fired in pure hydro 

gen, and each shape is placed in a setter Sand of 
pure allinia. - 
The hydrogen is purified as follows: Water 

vapor is removed by passage of the hydrogen 
through phosphorous pentoxide; oxygen is re 
moved by passage through copper turnings heat 
ed to 1600 F.; nitrogen is removed by passage 
over titanium hydride heated to 2000 F. 
The various metals are fired as follows: For 

temperatures of sintering up to 2700°F., a mullite 
tube furnace heated with silicon carbide resistors 
is used. For sintering temperatures up to 3500 
F., a molybdenum wound resistor furnace is used, 
the molybdenunn windings being maintained in 
a pure hydrogen atmosphere. For temperatures 
above 3500 F., that is, for metals such as tung 
sten, molybdenum, and boron, the piece is first 
sintered in the molybdenum. Wound furnace, 
cooled and removed to a device where the pieces 
are internally fired. In this device, the required 
temperature is obtained by passing a current 
through the specimen itself, the Specimen being 
maintained with suitable holders in a pure hy 
drogen atmosphere. In this Way, any tempera 
ture up to the melting point of the specific sam 
ple may be obtained. 
When a relatively fine grained metal is desired, 

a relatively short high temperature fire is used. 
When coarse grained metal is desired, lower Sin 
tering temperatures and longer firing times are 
used, to afford opportunity for diffusion. 

15. The same as Example 14, but using the dif 
ferent resins and combinations of Examples 2 
to 13. 
Considerable modification is possible in the se 

lection of metal powder, the resin, and additions, 
as well as in the amounts thereof employed and 
in the process, Without departing from the essen 
tial features of the present invention. 
Other modes of applying the principle of the 

invention may be employed, change being made 
as regards the detail described, provided the fea 
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tures stated in any of the following claims, or the 
equivalent of Such, be employed. 
I therefore particularly point out and distinct 

ly claim as my invention: 
1. The method of making a powdered article 

of controlled size and porosity which comprises 
admixing from 50 to 65 parts by volume of pow 
dered metal with 35 to 50 parts by volume of a 
completely distillable heat fugitive binder com 30 
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75 

posed of a depolymerizable polymerized-mono 
olefinic thermoplastic resin and a distillable hy 
drocarbon wax. Which will not dissolve or SWell 
the resin, said binder ingredients having vapor 
ization temperatures close to the plastic range 
thereof, heating the admixed mass to a tempera 
ture above 100° C. and above the softening points 
of the binder ingredients but below their vapor 
ization temperatures, extruding the thus heated 
mass under low pressures to form an article of 
desired shape, and sintering the article in a non 
oxidizing atmosphere at temperatures above the 
vaporization temperature of the binder but below 
the melting point of the metal to completely 
eliminate the binder without action of nascent 
carbon on the metal. 

2. The method of making a powdered metal 
article of desired accurate shape and uniform 
porosity without exposing the metal to the action 
of nascent carbon which comprises admixing 50 
to 65 parts by volume of powdered carbide form 
ing metal with 35 to 50 parts by volume of a 
thermoplastic completely distillable binder hav 
ing a temperature of vaporization close to its plas 
tic range and containing a major portion of de 
polymerizable polymerized-mono-olefinic resin, 
heating the mixture to about 100° C. to soften the 
binder, extruding the thus heated mass into de 
sired article shape, and firing the article at tem 
peratures materially above the vaporization tem 
perature of the binder to completely vaporize 
the binder without pyrolytically decomposing the 
binder. 

3. The method of making a powdered metal 
article of controlled size and porosity which com 
prises heating to a plastic flowable stage with 
out distillation of the binder therein, a mixture 
composed of 50 to 65 parts by volume of powdered 
metal and 35 to 50 parts by volume of a thermo 
plastic completely distillable binder containing 
a major portion of depolymerizable polymerized 
mono-olefinic resin, extruding. the thus heated 
flowable mass into desired article shape, and fir 
ing the article in a non-oxidizing atmosphere at 
temperatures materially above the vaporization 
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temperature of the binder to completely vapor 
ize the binder without pyrolytically decomposing -m- 
the binder. 

4. The method of making a metallic article of 
desired shape which comprises heating to a plas 
tic flowable stage without distillation of the 
binder therein, a mixture composed of 50 to 65 
parts by volume of a metallic powder and 35 to 50 
parts by volume of a completely distillable binder 
containing a major proportion of polymerized 
mono-olefinic thermoplastic resin and a thermo 
plastic halogenated hydrocarbon, extruding the 
thus heated flowable mass into the shape of an 
article, and sintering the article at temperatures 
above the vaporization temperature of the binder 
but below the melting point of the metal to liber 
ate hydrogen halide gas from the binder for in 
proving the cementation of the metal particles 
and to completely vaporize all of the binder with 
out formation of a residue in the article. 

5. The method of making a molybdenum article 
which comprises heating a mixture composed of 
50 to 65 parts by volume of molybdenum powder 
and 35 to 50 parts by volume of a completely dis 
tillable binder containing a major portion of a 
polymerized-nono-rolefinic thermoplastic resin 
and a hydrocarbon wax, continuing the heating 
to produce a plastic flowable mass without distill 
lation of the binder ingredients, extruding the 
thus heated flowable plastic mass into desired 
article shape, and sintering the article at relative 
ly high temperatures to completely vaporize the 
binder cleanly out of the article and to sinter the 
molybdenum powder without forming a residue in 
the article. 

6. The method of making a metallic article of 
desired shape and porosity which comprises ad 
mixing 50 to 65 parts by volume of a metal powder 
in an aromatic hydrocarbon solution of a com 
pletely distillable binder containing a major pro 
portion of polymerized-mono-olefinic thermo 
plastic resin and constituting 35 to 50 parts by 
volume in relation to the metal powder, vaporiz 
ing the solvent at temperatures above the boiling 
point of the solvent, extruding the resulting mass 
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at temperatures above 100° C. but below the 
vaporization temperature of the binder to form 
an article of the desired shape, and sintering the 
article at temperatures above the distillation 
temperature of the binder to completely vaporize 
all of the binder without formation of a residue 
in the article. 
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